饲料中不同淀粉水平对中华绒螯蟹幼蟹生长、饲料利用的影响 by 王耀华 et al.
?36?  ?6? ? ? ? ? ? ? Vol.  36,  No.6 
2012 ? 11 ? ACTA HYDROBIOLOGICA SINICA Nov. ,   2 0 1 2 
                            
收稿日期: 2011-05-03; 修订日期: 2012-03-18 
基金项目: ??????????????????????????????(2007BAD37B)?? 
作者简介: ???(1984?), ?, ?????; ??; ????????????????????????????????
?????E-mail: wyhua007@163.com 
通讯作者: ???(1969?), ?, ???, ?????; ???????????????E-mail: sqxie@ihb.ac.cn 
 
DOI: 10.3724/SP.J.1035.2012.01011 
??????????????????????????? 
王耀华1, 2  解绶启1  朱晓鸣1  杨云霞1  韩  冬1 
(1. ????????????, ?? 430072; 2. ???????, ?? 100049) 
??: ???? 7???(??? 35%)???(??? 6%)???????(4%?10%?16%?22%?28%?34%?
40%)???, ???????(Eriocheir sinensis)??[????(6.2±0.1) g] 8?, ???????????
????????????????????????????, ??????????, ???? 40 ?
?????????????????????????????: ??? 34%—40%?????????
?? 4%—16%?(P<0.05)?????????????????????????????, 34%????
?????????? 4%???(P<0.05), 22%??????????????? 4%???(P<0.05); ??
?????????????????, ?? 40%???????????????????, ?????
? 16%?????, ??????????????????????????????????????
??????????? 16%?????(P<0.05); ?????????????????(y = 0.2268x + 
17.256, R2 = 0.9453, n=7, P<0.05)????????????????????????????????
???? 25.6%? 
???: ?????; ??; ?????; ??? 
中图分类号: S963    文献标识码: A    文章编号: 1000-3207(2012)06-1011-07 
 
????????????????????
??????????????????????
????, ??, ??????????????, 
??????????????????????
??????????????????????
???[1]??????????????????
????, ???????????, ?????
?????????, ????????????
????, ?????????????, ???
???????????????[2—5]??, ???
??????????????????????
??????????????????????
?????????, ????????????
??, ??????????, ????????
??????[6]???, ????????????
??????????????????????
????[7, 8], ???????????????, 
???????????, ????????[9]??
??????????????????????
??? 
?????, ????, ?????????
??????????????????????
??????????????????????
???????????????????????
???, ?????????????????[10]?
??????????????????????
???????????, ??????????
??????, ???????????????
??, ???????????????????
????? 
1012 ? ? ? ? ? ? 36? 
1  ????? 
1.1  ???? 
????????????????, ???
?????????, ?? 7 ???(???: 35.3%)
??(???: 6%)??????(4%?10%?16%?
22%?28%?34%?40%)????????????
????????????????(CMC)???
???????? 60 ???, ????????, 
?????????????? 2 mm?????, 
? 60℃?????????−4℃????????
??????(? 1)? 
1.2  ???????????? 
??? 2009? 4? 17?? 2009? 6? 20?
??????????????????????
??????????????????????
70??????(?? 120 L, ?? 80 L)???, ?
????? 4 ???????????(25 cm×17 
cm×15 cm)??????????????????
?????, ?????????? 1/2?????
?, ?????(08: 30, 17: 00)?????, ???
?????????????, ????????
???????????????????? 1/2?
?????? 20—26 , pH℃ ? 6.8 ??, ??>5 
mg/L, ???? 0.2 mg/L? 
????????????????????
??????????????????????
??????????????(27 m2×80 cm)??
??????????????????????
???(??? 45%???? 8%)?????, ??
??????????????; ???????
??????????? 3???(08: 00?16: 00?
20: 00), ??????????????, ????
??????????????????????
40 ?????, ???????????????
?????(???=1?1)??????????? 
 
表 1  实验饲料配方及化学成分(%???) 
Tab. 1  Formulation and composition of the experiment diets (in dry matter) 
??????  Corn starch content (%) ?? 
Ingredients (%) 4 10 16 22 28 34 40 
?????? White fishmeal (Russia) 35.00 35.00 35.00 35.00 35.00 35.00 35.00 
??? Casein 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
???? Corn starch 4.00 10.00 16.00 22.00 28.00 34.00 40.00 
???? Vitamin and mineral premix 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
??? Zeolite powder 38.00 32.00 26.00 20.00 14.00 8.00 2.00 
????? Soybean lecithin 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
??? Cholesterol 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
???? Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
???? Sodium alginate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
??????? Carboxymethyl cellulose 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
??? Liver meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
????? Chromic oxide 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
????? Calcium dihydrogen phosphate 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
???? Chemical composition (% ???) 
?? Moisture 3.90 3.70 4.90 5.80 6.50 5.20 5.70 
??? Crude protein 35.50 35.50 35.70 35.60 35.40 36.00 35.30 
??? Crude lipid 4.90 4.80 4.80 4.60 5.80 6.20 6.50 
?? Ash 44.90 40.00 33.80 28.10 22.40 17.50 11.00 
?? Starch 2 4.00 10.00 16.00 22.00 28.00 34.00 400 
?? Energy(kJ/g) 12.10 13.10 14.10 15.10 16.10 17.20 18.20 
?: 1. ???????????????????????????????(2007)088126.VT3-2006; 2. ???????? 
Note: 1. Vitamin and mineral premix were supplied by Guangzhou Hinter biotechnology Co., Ltd. Production number is(2007)088126. 
VT3-2006; 2. Starch content is the designed value 
6? ????: ??????????????????????????? 1013 
?????????(P>0.05)??????? 3??
??????(???=1?1), ?????−4℃??
??, ????????????? 
1.3  ????? 
?????, ???????????, ??
?????, ???????????(SGR)???
?????(SGRCL)????????(SGRCW); ?
??????? 6 ???, ??????????
??????????? , ???????(HSI), 
?????????, ????−20℃?????, 
????????????????; ?????
???????−4℃?????, ???????
?????? 
????????????????????
???????? AOAC[11]??????????
??????????????????? 105℃
??????? ; ?????????? (FOSS, 
2300 Kjeltec Analyzer Unit??; ????????
??(Soxtec system HT6, Tecator, Hoganas, Sweden), 
???????????; ??????????
???????????? 550℃?? 3h????
?; ???? Philipson ?????(Philipson mi-
crobomb calorimeter, Gentry Instruments Inc., Aiken, 
USA)?????????????? 
1.4  ????????? 
????????????????????
????????????????(ANOVA)?
Fisher LSD????, ????? P<0.05????
??????????????????????
???; ??????????????????
??????????????????????
?? Statistica 6.0??? 
2  ?? 
2.1  ??????? 
?? 2 ????, ????????????
16%??????????????????, ??
????????(P<0.05), 34%? 40%?????
????? 4%?10%? 16%?; ????????
????????????????, 34%???
??????????? 4%???(P<0.05), 22%
??????????????? 4%???
(P<0.05); ?????????????????
??, ?? 40%???????????????
????, ?????? 16%?????, ???
??????????? 
????????????????????
?(SGRW, %/d)????????(SGR CL, %/d)??
????????????: SGRW = −0.0007CHO2+ 
0.0359CHO+0.4806 (R2=0.6505); SGRCL = −0.0005 
CHO2+0.0233CHO+0.1764(R2=0.7771)??????
??????????????????????
?, ????????????? 25.6%? 23.3% 
(? 1)? 
2.2  ???? 
?? 3 ??, ?? 16%??????????
?????????(P<0.05); ????????
?? , ????????????? (P<0.05), 
28%?34%? 40%???????????? 4%?
10%???(P<0.05)??????????????
??????(y)???????(x)???? : y= 
0.2268x+17.256(R2=0.9453)(? 2)? 
 
 
 
? 1  ?????????(SGRW)????????(SGRCL)???????????? 
Fig. 1  Relationship between SGRW, SGRCL and dietary starch level of juvenile Chinese mitten crab 
  
1014 ? ? ? ? ? ? 36? 
 
 
? 2  ????????????????? 
Fig. 2  Relationship between dietary starch level and hepatic gly-
cogen of Chinese mitten crab 
 
2.3  ?????? 
?? 4 ??, ??????????????
40%???????? 
3  ?? 
????, ???????, ???????
???????????[12]??????????
?[2, 13?16], ??????????????, ??
????????, ? Fegan[17]? Holme[18]???
????????????????????? , 
???? 10%????????????????
?????, ??? 4%???????????
???? Bages[19]? Catacutan[20]?????(Penaeus 
monodon)??????????????????
?????????????? 5%—35%????, 
???????????????????????
??????????????, ???????
?? 10%—40%???????, ???????
???????????????(Dicentrarchus 
labrax)[21, 22]?????????????????
?, ????????????, ???????
??????????????????????
????????????????????, ?
??????????????????????
? [10]??, ???????(5.91%—26.73%)??
???????(Z1-M ?)???????????
???, ????????, ?????????? 
 
表 2  饲料碳水化合物水平对中华绒螯蟹生长和饲料利用的影响(???±???) 
Tab. 2  Effect of dietary carbohydrate level on growth and feed utilization of Chinese mitten crab (means±SE) 
????????? (%???) Dietary carbohydrate levels (% dry matter) 
 
4 10 16 22 28 34 40 
?????? IBW 1(g) 6.15±0.20 6.12±0.17 6.16±0.17 6.17±0.19 6.17±0.19 6.15±0.18 6.12±0.21 
?????? ICL 2(cm) 2.18±0.03 2.17±0.02 2.17±0.02 2.19±0.02 2.18±0.03 2.20±0.02 2.18±0.03 
??????? SGRW 3(%/d) 0.69±0.08a 0.93±0.09ab 0.94±0.09ab 0.97±0.15ab 0.87±0.09ab 0.97±0.11b 0.85±0.08ab 
??????? SGRCL4(%/d) 0.33±0.03 a 0.45±0.06 ab 0.41±0.03 ab 0.48±0.07 b 0.42±0.05 ab 0.42±0.06 ab 0.33±0.04 ab
??? FR 5(%BW./d) 2.07±0.20a 2.07±0.23a 2.04±0.17a 1.75±0.08ab 1.82±0.13ab 1.43±0.13b 1.33±0.16b 
???? FE6(%) 43.10±11.08a 63.50±12.05ab 59.80±10.06ab 60.30±12.50ab 52.60±11.08ab 75.30±11.50ab 80.35±11.97b
????? PRE 7(%) 13.32±2.68a 14.80±4.64a 15.70±2.55a 11.30±2.66a 8.83±1.48a 17.60±2.75ab 25.60±4.14b 
??? HSI 8 7.93±0.46ab 9.00±0.72ab 7.23±0.42a 8.17±0.69ab 7.77±0.95ab 8.16±0.65ab 9.34±0.16ab 
????MF 9(%) 66.67 70.59 98.25 70.59 74.07 59.26 73.08 
??? Survival 10(%) 35.00 27.50 42.50 27.50 35.00 35.00 30.00 
?: ??????????????????(P < 0.05) Means in the same line with different superscripts are significantly different 
(P < 0.05); 1IBW: Initial body weight; 2ICL: Initial capapace length; 3???????(SGRCW, %/d)=100×(Ln??−Ln??)/???? 
SGRW: Specific growth rate for weight (%/d) = 100×(Ln(final body weight) –Ln(initial body weight) ) / d; 4???????(SGRCL, 
%/d)=100×(Ln ???−Ln ???)/????  SGRCL: Specific growth rate for carapace length (%/d) = 100×(Ln(final body weight) 
–Ln(initial body weight) ) / d; 5???(FR, %BW/d)=100×????/[(????+????)/2]/???? FR: Feeding rate (%BW/d) = 
100×feed intake/ (initial body weight +final body weight) / 2) / d; 6 ???? (FE, %)=100×??(??)/???(??) FE: Feed efficiency 
(%)=100×Weight gain (wet weight)/feed intake (dry weight); 7??????(PRE, %)=100×(???????/?????)PRE: Protein 
retention efficiency (%) = 100×protein retained in crab / protein intake; 8???(HSI)=100×???/?? HSI: Hepatopancreas index = 
100×wet hepatopancreas weight / wet body weight; 9????(MF)=2N/(N1+N2)(N, N1, N2???????????????????
??)MF: Molting frequency=2N/(N1+N2)(N, N1, N2 means molting times, initial and final number of crabs, respectively.); 10???
(Survival, %)=100×??????/?????? Survival(%)=100×final number of crabs/ initial number of crabs 
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表 3  饲料碳水化合物水平对中华绒螯蟹胰蛋白酶和肝糖原的影响(???±???) 
Tab. 3  Effect of dietary carbohydrate levels on trypsin and hepatic glycogen of Chinese mitten crab (means±SE) 
?????????(%???)Dietary carbohydrate levels(% Dry matter) 
 
4 10 16 22 28 34 40 
???? 
Trypsin (U/mg protein) 
3370±622abc 2901±175ab 4430±594c 3074±344ab 3985±393bc 2797±379a 3220±379abc
??? 
Hepatic glycogen (mg/g) 
18.50±1.83a 19.28±0.99a 21.50±1.40ab 21.01±1.93ab 24.11±1.22bc 24.40±1.68bc 26.93±1.27c
?: ??????????????????(P < 0.05) 
Note: Means in the same line with different superscripts are significantly different (P < 0.05) 
 
表 4  饲料碳水化合物水平对中华绒螯蟹全体生化成分的影响(???±???) 
Tab. 4  Effect of dietary carbohydrate levels on whole body composition of Chinese mitten crab (means±SE) 
?????????(%???) Dietary carbohydrate levels (% Dry matter) 
 
4 10 16 22 28 34 40 
??? Dry matter (%) 26.46 22.68 26.48 23.14 21.73 25.27 29.32 
??? Crude protein (%) 10.93 9.83 10.51 9.19 8.73 9.89 11.02 
??? Crude protein (%) 1.18 1.22 1.79 1.28 1.08 1.77 2.12 
?? Ash (%) 10.40 8.73 10.72 9.66 8.83 9.74 11.40 
 
???? 18%—26%???, Guo, et al.[23] ?????
??(Litopenaeus vannamei)??????????
???? 10%—20%, ????????????
??????????????????????
???? 25.6%, ?????????[10]?????
????????????????? 16%?, ?
???????, ????????????, ?
??????? 25.6%? 23.3%?, ??????
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????????????????????? 
??? 
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???????????[23—25]?????????
??????????????????????
????????????????, ?????
????(34%?40%)?????????????
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????, ??????????????, ??
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?, ?????????????, ??????
????, Simon[26]??, ??(J. edwardsii)????
??????? 32%????????, ????
???????????????????? 12%
???????(???????? 5%)??? 32%
?????????????? 30h??????, 
??? 12%??????????? 12h? 7h??
????????????????????
(Penaeus japonicus)[27]??????(Penaeus styli-
rostris)[25]??????????????????
???????????????????, ??
??????????????????????
??????????????????????
??????????????????, ???
?????????????, ????????
??????, ??????????, ?????
??????????????????????
?? [26]?????? 
Guo, et al.[23]??????????????
??????????????????????
??????????????, ???????
??????????????????????
?????, ????????????????
??????, ???????????????
??, Rosas, et al. [25]??, ??????? 21%?
33%?????????(P. stylirostris)?????
???? 1%? 10%??Guo, et al. [23]??????
??????????????????????
???????????, ??????????
??????????????, ???????
??????????????????????
??????????????????, ???
1016 ? ? ? ? ? ? 36? 
???????????????, ??????
????[28?30]??, ??????, ??????
??????, ???????, ????????
????????, ?????????????
?????????, ????????????
??????????????????????
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EFFECT OF DIETARY STARCH LEVEL ON GROWTH, FEED UTILIZATION  
AND HEPATIC GLYCOGEN OF ERIOCHEIR SINENSIS 
WANG Yao-Hua1,2, XIE Shou-Qi1, ZHU Xiao-Ming1, YANG Yun-Xia1 and HAN Dong1 
(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. University of Chinese  
Academy of Sciences, Beijing 100049, China) 
Abstract: In order to investigate the utilization of dietary starch by Eriocheir sinensis, seven isonitrogenous (crude 
protein: 35%) and isolipid (crude lipid: 6%) diets that contained different starch levels (4%, 10%, 16%, 22%, 28%, 34% 
and 40%) were formulated. Different diets were fed to crabs for 8 weeks. In order to avoid cannibalism, 40 crabs were 
reared individually in 40 small plastic tanks (25 cm×17 cm×15 cm)with several holes on the bottom. The results showed 
that feeding rates of the crabs that were fed with 34%—40% dietary starch were significantly lower than those fed with 
4%—16% dietary starch (P<0.05). Dietary starch increased specific growth rates of body weight and carapace length. 
Specific growth rate of body weight reached to the highest at 34% dietary starch while specific growth rate of carapace 
length was the highest at 22% dietary starch(P<0.05). Feed efficiency increased with increasing dietary starch. High 
dietary starch obtained higher protein retention. Hepatosomatic index of the crabs fed with 16% dietary starch was lower 
while molting frequency and survival werehigher. Crab body dry matter, protein, lipid and ash were higher at the group 
fed with higher dietary starch. Hepatopancreatic trypsin activity was higher at 16% dietary starch (P>0.05). Liver gly-
cogen content increased linearly with dietary starch (y = 0.2268x + 17.256, R2 = 0.9453, n=7, P<0.05). Quadratic re-
gression between specific growth rate and dietary starch showed that optimal dietary starch content for maximum 
growth of juvenile mitten crab was 25.6%. 
 
Key words: Eriocheir sinensis; Starch; SGR; Liver glucogen 
